from measurements of polarised cross section asymmetries in deep inelastic scattering of 27.5 GeV longitudinally polarised positrons from polarised 1 H and 3 He internal gas targets. The data were collected in the region above the nucleon resonances in the kinematic range n -23.5 GeV and 0.8 GeV 2 -Q 2 -12 GeV 2 . For the proton the contribution to the generalised Gerasimov-Drell-Hearn integral was found to be substantial and must be included for an accurate determination of the full integral. Furthermore the data are consistent with a QCD next-to-leading order fit based on previous deep inelastic scattering data. Therefore higher twist effects do not appear significant. q 1998 Elsevier Science B.V. All rights reserved.
The GDH sum rule, derived in the sixties by w x Gerasimov 1 and independently by Drell sections for total helicities 1r2 and 3r2, n is the photon energy, and M is the nucleon mass. The sum rule arises from the combination of a general disperw x sion relation for forward Compton scattering 3 and w x the low-energy theorem of Low 4 , with the additional assumption that the spin-flip part of the Compton scattering amplitude goes to zero at infinite energy without any poles. The theoretical predictions for the integral are y204 mb and y233 mb for the proton and neutron, respectively. Experimentally this sum rule has never been tested directly because of the lack of suitable polarised real photon beams. 1 Deceased.
Ž .
The integral defined in Eq. 1 can be generalised to the absorption of virtual photons with energy n and squared four-momentum yQ 2 :
Here g and g are the polarised structure functions This letter presents results for the cross section w x differences s y s extracted from measure- The magnetic spectrometer is fully described in w x Ref. 23 . It is constructed as two identical halves mounted above and below the positron ring plane. The angular acceptance of the spectrometer extends over the range 40 mrad -u -220 mrad. For positrons the average angular resolution is better than 1 mrad and the average momentum resolution is better than 2% aside from bremsstrahlung tails. Positron identification is accomplished with a lead glass calorimeter, a preshower counter, a transitioň radiation detector and a gas threshold Cerenkov counter. For the analysed data sets the hadron contamination was less than 1% at an average positron identification efficiency of 99%. w x The cross section difference s y s can be 1r2 3 r2
expressed in terms of the virtual photo-absorption asymmetry A and the unpolarised structure function Ž . After applying data quality criteria, 1.8 2.7 mil-Ž . lion events for the proton helium target were available in the kinematic range 0.8 GeV 2 -Q 2 -12 Ž . allowing -without interpolation -the integration over n for several bins in Q 2 . The x-range covered in the different Q 2 -bins varied from 0.03-0.36 for the lowest Q 2 -bin to 0.2-0.8 for the highest one. The kinematic range for the proton was slightly increased compared to that of the neutron due to the intrinsically higher figure of merit of the 1 H target. The value of A rD has been extracted in each I bin by using
Ž .
where N is the number of detected scattered positrons corrected for e q e y background from charge symmetric processes. Here L is the integrated luminosity corrected for dead time; L is the integrated lumi-P nosity corrected for dead time and weighted by the product of beam and target polarisations. The super-Ž . script q y refers to the situation where the target Ž . spin axis was oriented parallel anti-parallel to that of the positron beam. Radiative corrections are typically 2% of the observed asymmetry for the proton and 20% for the neutron. They were calculated using w x the prescription given in Ref. 29 from the published data from other experiments for p w x A using polarised proton targets 7,27,28 and for 1 n w x A using polarised helium-3 targets 32,33 . There is 1 good agreement between different experiments in the overlapping kinematic regions. Note that the data of w x Refs. 27,32,33 were obtained at fixed scattering angles and are therefore restricted to kinematic regions that are highly correlated in n and Q
2 . An Ž 2 . evaluation of the integrals I Q with these data would thus require interpolations.
All HERMES values for the proton are clearly positive, ranging between about 1 mb and about 16 mb. Most of the data for the neutron at n G 8 GeV are negative, ranging between about y10 mb and 0 mb. In each Q 2 -bin the present data for the cross w x section difference s y s has been multiplied The data are compared with estimates of the integrals that do not include contributions from nucleon resonances or possible higher twist effects. These estimates were derived using a parameterizaw x tion 34 for the asymmetry A given by a next-to-1 Ž . leading order NLO QCD analysis. Note that a number of the low Q 2 , low n data points shown in w x Fig. 2 from Ref. 27 are not used in this parameterisation. The dashed curves in Fig. 3 show the integrals for this parameterisation over the x range measured at HERMES for proton and neutron. They are in good agreement with all data, indicating that higher twist effects do not contribute significantly in the deep inelastic region, even at the lowest measured Q 2 . The dash-dotted curves show the integrals of the NLO parameterisation from n to infinity, 0 Ž . thus including in addition the low x high n contribution, which for the proton is about 4mb.
An alternative approach was also used to account for the high n region. It is well known that the applicability of the simple Regge picture is uncertain w Ž . and that the asymptotic behaviour of s n y 1r2
Ž .x Ž . s n at higher energy or g x at low x requires Regge behaviour is assumed here for the sake of comparison, the main high n contribution comes Ž . w from the a 1260 Regge trajectory such that s trajectory. The present data with W G 4.5 GeV have been fitted with such a parameterisation using a s 0 w x 37 . Fits are shown as dashed curves in Fig. 2 ; they are in fair agreement with data. The contribution of the high n Regge extrapolation to the integral is about 3 mb for the proton data, as well as for the neutron data with Q 2 -4 GeV 2 .
Little experimental information is available about Ž 2 . the size of the resonance contribution to I Q . Up Ž . to now the resonance part W -2 GeV of G has 1 integral I Q for Q -3 GeV . This together with the present results in the deep inelastic scattering regime and a more refined estimate of the high energy extrapolation will provide the Q 2 evolution of the entire integral. In addition, several experiments are planned at different facilities to measure the spin-dependent photo-production cross sections to w x test the GDH sum rule for real photons 41 .
In conclusion, the polarised cross section differw x ences s y s have been determined for the 1r2 3 r2
proton and neutron in the kinematic range 0.8 GeV Furthermore the data are consistent with a QCD next-toleading order fit based on previous deep inelastic scattering data, indicating that higher twist effects are not significant even at the lowest measured Q 2 .
